The investigation of possible environmental risks that may lead to an increase in the frequency of the occurrence of tumours of the urinary bladder requires a measure of the frequency with which the condition will be expected to occur in a sample of the population not regarded as being subjected to any known environmental hazard. For practical purposes, since no such population can be enumerated and defined, it is proposed to regard the total male population of England and Wales as representing such a sample.
If the frequency of the disease shows any marked tendency to age specificity, and if other influences at present not elucidated which vary at different dates produce a marked effect, then this measure must take into account both the age composition of the population under consideration, and the varying effect of contemporaneous conditions. At present, English morbidity statistics have not reached a sufficiently high degree of excellence to allow a reliable estimate of this kind to be formed from them. However, the mortality statistics are of sufficient quality, and especially so in the case of bladder tumours, where all certificates showing mention of bladder tumour, classified into "cancer" or "tumourg, benign and unspecified", have been collected separately at the General Register Office since 1921. This separation applies to males only, but since the immediate programme of investigation of risk is confined to predominantly male occupations, this limitation is at present immaterial. Moreover, this separation into certificates mentioning tumour of the bladder overcomes the technical difficulties introduced by the change of death certificate classification introduced in 1940 (Registrar General, 1949) , if we adopt the convention of speaking of "death certification rate" instead of "death rate".
In fact, this "certification rate" will differ but slightly from the "death rate", since 97-5 per cent. of the death certificates are in fact assigned by the General Register Office to bladder tumour as the cause of death.
The other requirement for the estimation of an environmental risk is a detailed knowledge of the population at risk, both in regard to the dynamics of repletion, and the number of cases of the disorder discovered. In the present instance of bladder tumour, the hazards to be investigated are in the first case industrial, and many large industries do in fact possess records of dates of employment of men, possibly with the age at the time of employment. The type of estimation discussed here relies on the availability of this information, and is therefore largely applicable to possible hazards where the co-operation of the industry can be secured, or to the internal investigation of sections of the industry by the concerns themselves.
Theoretically, an estimate of the expected number of death certificates taking into account the factors enumerated could be made from an exhaustive analysis of the age-specific death certification rates for the appropriate years, and from the actual depletion by other causes of death of the population under consideration. In practice, it is unlikely either that the complete death records of past works' populations can be obtained, or that the interested persons, frequently factory medical officers, will have access to the required demographical data or an inclination to obtain an estimate by such laborious means.
It is possible to make an approximation to the required estimate by using mean mortality data (life tables) for England and Wales, and by assuming certain relationships, discussed below, to be essentially of a linear nature throughout the three decades under consideration.
Another consequence of the separation of bladder tumour death certificates from other death certificates is that it has been possible to form an alphabetical index of such certificates for males in England and Wales. This index now covers the years 1936-50 and will be kept up-to-date. (Case, 1953) .
Given the numbers of the population involved, the date of starting work in the environment to be considered, and the age of the individual at starting, the equations allow of a complete solution, with fiducial limits, of the expected frequency without further recourse to demographical data. Withdrawals from the environment due to change of occupation or retirement do not affect the estimate required.
METHODS AND MATERIALS
We had at our disposal the death certificates mentioning cancerr of the bladder" and "tumours of the bladder benign and unspecified" for the years 1921-50, for males, in England and Wales. Before all these data had become available, the certificates for 9 years, scattered throughout the 30-year period, had been used for a preliminary computation. This sample, when allowances for temporal differences had been made, differed so little from the total pooled data that the calculations based on it are used in much of the ensuing discussion. These data will be referred to as the "'basal data" and indices calculated from them denoted by the suffix (b).
The certificates for each year were examined and allocated to age groups, using the class intervals 0-, 15-, 25-, 35-, 40-, and thence by 5-year groups to a final group of 85 and over. Each annual age group was amalgamated into a quinquennial group. The age specific certification rates for each quinquennium were calculated from these data, and from the Registrar General's "Estimate of Population, Total Males, England and Wales," for the appropriate quinquennia (Registrar General, 1921-50) . The equivalent of the Comparative Mortality Index (C.M.I.; Registrar General, 1949) , to which we shall refer as the Comparative Certification Index (C.C.I.), was computed from these data with the quinquennium 1936-40 (mid-point 1938) as the base. The crude certification rates were also calculated for these quinquennia. The values are shown in the Table.   TABLE   CRUDE The corrected certification rates for the same quinquennia were calculated by multiplying the crude certification rate for the quinquennium 1936-40 by the C.C.I. for the other quinquennia. The age specific certification rates for the pooled data of the 30 years 1921-50 were calculated. These are shown for reference in Fig. 1 , but the actual data used are the comparable age specific rates for the basal data. The effect of all mortality has been summarized in the British Life Tables and Estimated Life Tables;   and the tables for the census years 1921 and 1931, and   the estimated table for 1948 were selected as the most appropriate for the present purpose (Registrar General, 1948; 1951 
RESULTS
(1) The crude certification rates and the corrected certification rates are shown in Fig. 2 (2) The histogram of the age specific certification rates for the pooled data of the period has already been shown in Fig. 1 .
Histograms, with a rather coarser age grouping, for the three decades 1921-30, 1931-40, and 1941-50, are shown in Fig. 3 . The pattern is essentially the same in each case, and the real increase of certification discussed above is due to increments of approximately similar proportions in each age group. Furthermore, Fig. 3 shows that no great error is introduced by the assumption of a linear change with respect to time in each age group.
The histogram of the age specific certification rates for the basal data (Fig. 4, opposite) the 3-year groups 1921-23, 1930-32, and 1947-49, loaded 
DISCUSSION
The results reported above show that the incidence of death certification mentioning bladder tumour is highly age specific, and is affected to a considerable degree by contemporaneous conditions. They also show that there is a marked real increase in the annual corrected certification rate over the last 30 years, an increase which is very unlikely to be due in any large measure to improvement in diagnosis.
The results obtained now allow us to write a series of equations which will give a reasonable estimate of the expected incidence for men entering observation between the ages of 20 and 50, and between the years 1921 and 1950.
Derivation of the Estimating Equations Required.-An estimate, R, of the incidence of bladder tumour being mentioned on a death certificate, such that R gives the expected value for males at the current mean rate for England and Wales for the date of observation. For convenience, R is to be estimated as the percentage incidence in a theoretical cohort of men, whose age at the time of first observation is Z, and who are observed for x years. The date of the mid-point of the period of observation is w.
Known.
(1) The age specific certification rates [M(a.w)] at each of n age groups q whose mid-points are a years of age and consisting of C years. M(a.w) is expressed as the rate per million living per year. If the age at the mid-point of the first age group q1 considered is Z, then a can take the values Z, (z+C1 + C2) (z±C1 + C2 + C,) (z+ C1 + C32 + C2 + C(n-1)+ Cn) where, as is the case here, C is not necessarily constant, Cl is the value in the group q, whose mid-point is Z, and the last value, Ca,, is not finite. The last age group qn is that class of the population aged over 85 years.
(2) The fraction (lz) of an original population observed from birth to the age Z (Registrar General, 1948 , 1951 for the years 1921, 1931, and1948 . From this the fraction of a population aged Z at first observation surviving to each of the age groups with mid-point a can be computed from the expression: {la where w = the date of the relevant life table and here   can only be 1921, 1931, or 1948. (3) From the above it has been possible to determine the ultimate frequency of certification in cohorts attenuated by mortality at the rates current in 1921, 1931, and 1948 , and acquiring their bladder tumour death certificate at the rates current in these years. which will reach a limiting value, the terminal incidence, I(Z.w) when q = q", which in this particular case is 85 and over. Thus: This value I(Z.w) cannot be exceeded because la becomes zero after q = 85 +. However, since the age group q = 85 + has an indeterminate mid-point, the value I(Z) cannot be regarded as a special case of i(Z), but only as its upper limit.
By a possibly fortuitous combination of circumstances, the values of i(Z.b.q) determined from the basal data for the values of Z = 20, 30, 40, and 50, and X = 2 5, 7.5, 12-5 . . . , and the age groups 15-, 25-, 35-, 40-, 45 . . . -75, -80, -85 +, using the Life Table 1 values for 1931, form a nest of cumulative normal curves (Fig. 6) , which may be transformed by the use of the normal deviate to a series of straight lines, equidistant at X = 0 and almost parallel (Fig. 7) The probit (the deviate + 5) is used because it is a well tabulated function, and the Tables are found in standard works on medical statistics (e.g. Fisher and Yates, 1948) .
The The standard error of estimate is ± 0-0169 as determined from the residuals from the i(Z) values for the three triennia 1921-23, 1930-32, and 1947-49 at the values of X and Z already used for the basic data. This gives a total of 111 observations, and the standard error of estimate, adjusted for this number of observations, becomes ± 0-0171. Use of the Equations.-The final estimate (T) of the expected number of death certificates for a class of men defined by environment, but entering the environment at different ages and different times, is given by: For most practical purposes, T may be used as the final estimate without its standard error of estimate, which is fairly small.
SUMMARY
The effects of age and contemporaneous conditions upon the frequency of death certificates mentioning tumour of the bladder are discussed for data -relating to males in England and Wales between the years 1921 and 1950.
It is shown that the age-specific annual certification rate increases greatly with advancing age until 80 years, after which it drops.
It is also shown that not only is the crude annual certification rate for all ages increasing, but that the corrected annual certification rate, after adjusting for changes in age composition of the population, shows a marked increase. These rates were calculated as mean values of quinquennia.
These observations are used to calculate a series of equations which will give a close estimate of the expected rate of death certification of bladder tumour in a male population subjected to the mean "risk" pertaining in England and Wales. These equations will allow for the age composition of the population observed and for the time at which it was observed.
The equations should be useful in allowing industrial concerns to form a reasonably reliable estimate of the expected rate of the mention of bladder tumour on death .certificates of their members or ex-members, and hence to form a basis for comparison with the number they actually find. This should help in assessing environmental risk.
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